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Abstract. The application of detection technologies for human 
papillomavirus (HPV) has increased the resection rate for 
cervical intraepithelial neoplasia and early cervical cancer 
types. However, a large number of patients still present with 
advanced cervical cancer upon diagnosis. Therefore, to find a 
marker for the early diagnosis of cervical cancer, the present 
study investigated the expression profiles of squamous cell 
carcinoma antigen (SCCA), tumor metastasis related factor‑1 
(MTA1), the multiple tumor suppressor gene P16, and the 
nucleus‑associated antigen Ki‑67 in cervical lesions, and 
evaluated the association between the four proteins and the 
infection of high‑risk (HR)‑HPV in cervical lesions. The rate 
of SCCA expression gradually increased with the progres-
sion of cervical lesions, but the increase in SCCA expression 
levels from low‑grade squamous intraepithelial lesions 
(LSIL) to high‑grade squamous intraepithelial lesions was 
not significant (P=0.197). The positive rate of MTA1 expres-
sion gradually increased with the development of cervical 
lesions, but the increase from chronic cervicitis to LSIL was 
not significant (P=0.258). The positive rates of P16 and Ki‑67 
expression exhibited significant increasing trends with the 
progression of cervical lesions. The expression ratio of SCCA 
between HR‑HPV infection and non‑infection groups was 
not statistically significant (P=0.38), but the expression ratios 
of MTA1, P16 and Ki‑67 between HR‑HPV infection and 
non‑infection groups were statistically significant (P<0.05). 
These results demonstrated that the expression of SCCA, 
MTA1, P16 and Ki‑67 increased gradually with the severity of 
cervical lesions. In addition, there was a positive association 
between the expression levels of MTA1, P16 and Ki‑67 and the 

infection of HR‑HPV in cervical lesions. Therefore, SCCA, 
MTA1, P16 and Ki‑67 may be used to enhance the diagnostic 
accuracy for cervical lesions.

Introduction

Cervical cancer is the fourth most common type of malignant 
cancer in women, with one of the highest incidences among 
all types of female genital tract malignant tumors (1). Cervical 
cancer is caused by a number of factors, including premature 
sexual activity, genetics, infection, long‑term use of oral 
contraceptives, oral immunosuppressive drugs and poor health 
conditions (2,3). However, it is generally accepted that the 
major contributing factor towards the development of cervical 
cancer is human papillomavirus (HPV) infection, especially 
high‑risk (HR) HPV. HPV 16 and 18 are the most common 
forms of HPV (4). HPV detection has been implemented as 
one of the screening methods for the prevention of cervical 
cancer (5). With the application of HPV detection technology, 
the resection rate of cervical intraepithelial neoplasia and early 
cervical cancer has increased, but a large number of patients 
present with advanced cervical cancer at diagnosis  (6). 
Therefore, to detect precancerous lesions as early as possible 
and reduce the incidence of cervical cancer, it is necessary to 
identify a biomarker for the early diagnosis of cervical cancer.

Squamous cell carcinoma antigen (SCCA) belongs to the 
serine/cysteine protease inhibitor family (7). As a tumor marker 
of squamous cell carcinomas, SCCA exhibits low expression 
levels in most normal tissues, but is highly expressed in malig-
nant tumors or squamous intraepithelial lesions (8). SCCA has 
been extensively studied in various squamous cell carcinomas, 
including vulvar, esophageal and liver cancer (7‑9), but also 
non‑neoplastic diseases, such as psoriasis (10). A number of 
studies have demonstrated that SCCA is not only an important 
reference index for the diagnosis of cervical cancer types 
and cervical intraepithelial neoplasia, but also can provide 
information for the effective treatment for patients with 
cervical cancer (11‑13). SCCA has been extensively studied 
in cervical lesions; however, there is no study on whether the 
overexpression of SCCA is associated with HPV infection.

Metastasis‑associated gene 1 (MTA1) is a biomarker whose 
expression profile is associated with the invasive and migra-
tory capabilities of tumor cells (14). MTA1 is expressed at low 
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levels in normal tissues with the exception of the testis, but 
upregulated in the majority of tumor types, such as ovarian (15), 
breast (16), and cervical cancer (17). In the process of tumori-
genesis and metastasis, MTA1 can promote the expression of 
tumor invasion and metastasis related factors, and inhibit the 
expression of tumor suppressor genes (18). MTA1 is expressed 
at high levels in the cervical cancer cell line SiHa, which 
contains the HPV16 genome (19). The HPV E6 protein can 
also bind to P53 (19‑21). Therefore, it is hypothesized that 
MTA1 upregulation in cervical lesions may be associated with 
HR‑HPV infections. However, there is no study investigating 
the relationship between HR‑HPV infection and MTA1 in 
cervical tissue, to the best of our knowledge.

The multiple tumor suppressor gene P16 directly partici-
pates in the regulation of the cell cycle (22). Upregulation of 
P16 in cervical lesions is associated with the expression of 
HPV16 and 18 genes, suggesting that the upregulation of P16 
is secondary to the HPV infection (23). Therefore, P16 may 
be used as a marker for the differential diagnosis of benign 
and neoplastic hyperplasia of cervical epithelium. The nuclear 
associated antigen Ki‑67 is expressed in the nucleus of prolif-
erating cells and can be used to judge the proliferative activity 
of cells (24). Ki‑67 is localized at the basal and parabasal 
layers of cervical intraepithelial neoplasia (24). The expression 
of Ki‑67 is strongly positive in cells with a typical nucleus, 
and the expression profile of Ki‑67 widens and becomes more 
intense with the increase in the degree of cervical intraepi-
thelial neoplasia (25,26). Additionally, HR‑HPV can promote 
Ki‑67 expression in the cervical epithelium (27). Therefore, 
Ki‑67 can be used as a sensitive biomarker to reflect the degree 
and grade of lesions. Recently, P16/Ki‑67 dual staining has 
been used for cervical cancer screening (28,29).

In the present study, the expression levels of SCCA, MTA1, 
P16 and Ki‑67 proteins and the HR‑HPV were detected in 
various cervical tissues. The relationship between the four 
proteins and the HR‑HPV infection was further evaluated. 
The aims of the present study were to evaluate whether the 
trend in the expression of SCCA and MTA1 in various types of 
cervical lesions increased with the lesion grade and to investi-
gate whether the expression profiles of SCCA and MTA1 were 
related to HR‑HPV infections.

Materials and methods

Patients. The present study was approved by the Ethics 
Committee of the North China University of Science and 
Technology Affiliated Hospital, and carried out in accordance 
with the ethical guidelines of the World Medical Association 
(Declaration of Helsinki) for experiments involving humans. 
All patients signed informed consent for the use of their 
cervical tissue, secretions and clinical information.

From March 2015 to November 2016, in the North China 
University of Science and Technology Affiliated Hospital, 
123 patients aged from 21 to 65 were enrolled in the present 
study, none of whom had received prior radiotherapy, chemo-
therapy or hormonotherapy. Of these patients, there were 
31  cases with low‑grade squamous intraepithelial lesions 
(LSILs), 31 cases with high‑grade squamous intraepithelial 
lesions (HSILs) and 29 cases with cervical squamous cell 
carcinoma (CSCC). A total of 32 cases with chronic cervicitis 

(CCE) were recruited as the control group. Cervical tissue 
was obtained from surgeries or colposcopic biopsies and 
immediately frozen at 80˚C for further study. Secretions were 
collected using a cervical sampling brush and stored in cell 
preservation solution (BestBio Co., Ltd.).

Immunohistochemistry analysis. The 4% paraformalde-
hyde‑fixed (24 h at 4˚C) and paraffin‑embedded tissue sections 
(4  µm) were deparaffinized and dehydrated. For antigen 
retrieval, the sections were boiled in EDTA antigen retrieval 
solution (1:50; OriGene Technologies, Inc.) for 2.5  min. 
Endogenous peroxidases and non‑specific reactions were 
blocked by incubating the sections with 3% H2O2 for 15 min 
at 37˚C and with 10% normal goat serum (cat. no. ZLI‑9022; 
ZSGB‑BIO Co., Ltd.) for 20  min at  37˚C, respectively. 
All sections were incubated separately with the following 
primary antibodies: Rabbit anti‑human SCCA (1:600; 
cat. no. A6960ABclonal Biotech Co., Ltd.), rabbit anti‑human 
MTA1 (1:600; cat. no. A16085; ABclonal Biotech Co., Ltd.), 
rabbit anti‑human Ki‑67 (1:600; cat. no. bs‑23103R; Bioss Inc.) 
or rabbit anti‑human P16 (1:600; cat. no. bs‑1856R; Bioss Inc.) 
at 4˚C overnight, followed by incubation with goat anti‑rabbit 
horseradish peroxidase labelled immunoglobulin (IgG‑HRP) 
secondary antibodies (1:2,000, cat. no. sc2030; Santa Cruz 
Biotechnology Inc.) at  37˚C for 40  min. The staining of 
tissue sections was performed using a DAB Staining kit 
(Origene Technologies, Inc.) according to the manufacturer's 
instructions. Images (magnification, x200) were captured 
using a Micro Publisher 5.0 Confocal Microscope (Roper 
Technologies, Inc.) equipped with a CMOS camera (Olympus 
Corporation). The SCCA‑, MTA1‑, Ki‑67‑ and P16‑positive 
tissues were analyzed using CellSens Dimension software 
(version 1.6, Olympus Corporation).

The criteria for interpretation of the SCCA, MTA1 and P16 
staining as positive were as follows: i) The presence of brown 
and yellow granules; ii) SCCA was located in the cytoplasm; 
MTA1 was in the cytoplasm, membrane and nucleus; P16 was 
in the cytoplasm and nucleus; iii) in each sample, the intensity 
of immunoreactivity (ICH) was scored as 0 (no color), 1 (light 
yellow), 2 (yellow) and 3 (brown), and at least 500 cells from 
five randomly selected staining regions were counted. The 
incidence of ICH was scored as 0 (<5% of cells stained), 
1 (between 5‑25%), 2 (between 25‑50%), 3 (between 50‑75%) 
and 4 (≥75%), respectively. Finally, the product of intensity and 
incidence was used as the criteria for the expression of protein: 
0 (negative, ‑), 1‑3 (weak positive, +), 4‑7 (moderate positive, 
++) and 8‑12 (strong positive, +++). For Ki‑67, positive expres-
sion was considered as the presence of brown‑yellow granules 
in the nucleus. The percentage of positive cells for Ki‑67 was 
graded as previously described (30): Negative (‑), <5%; weak 
positive (+), 5‑25%; moderate positive (++), 26‑50%; and strong 
positive (+++), >50%.

Western blot analysis. Total protein was obtained from 
cervical tissue using RIPA lysis buffer (BestBio Co., Ltd.) 
and quantified using a bicinchoninic acid Protein Assay 
kit (MultiSciences Biotech Co., Ltd.). Equal amounts of 
proteins (4 µl per lane) were separated using 10% SDS‑PAGE 
(Beyotime Institute of Biotechnology) and transferred to PVDF 
membrane using a TRANS‑BLOT SD Semidry Transfer Cell 
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(Bio‑Rad Laboratories, Inc.). The PVDF membrane was incu-
bated in 5% skim milk for 1 h at 37˚C and then probed with 
primary rabbit anti‑human SCCA (1:1,000; cat. no. A6960; 
ABclonal Biotech Co., Ltd.) or rabbit anti‑human MTA1 anti-
bodies (1:1,000; cat. no. A16085; ABclonal Biotech Co., Ltd.) 
antibodies at 4˚C overnight. After washing in 1X TBST buffer 
(Tween‑20 0.05%, v/v) for 5 min on a shaker three times, the 
membrane was incubated with IgG‑HRP secondary antibodies 
(1:2,000; cat. no. sc2030; Santa Cruz Biotechnology Inc.) for 
1 h at 37˚C and washed in 1X TBST buffer (Tween‑20, 0.05% 
v/v; cat. no. T1085; Beijing Solarbio Science & Technology 
Co., Ltd.) three times. Finally, the results were visualized 
using the ECL Chemiluminescence Detection kit (BestBio 
Co., Ltd.) and signals were observed using Image Lab 5.0 
(Bio‑Rad Laboratories, Inc.). For quantification, SCCA and 
MTA1 signals were normalized against GAPDH (1:1,000; 
cat. no. TA346930; ZSGB‑BIO Co., Ltd.) and β‑actin (1:1,000; 
cat. no. TA09; ZSGB‑BIO Co., Ltd.) signals to obtain the 
relative expression levels of SCCA and MTA1, respectively.

HPV detection. HPV detection of cervical secretion was 
carried out by Cobas 4800 HPV (Roche Diagnostics), which 
consisted of Cobas 4800 DNA extractor (Roche Diagnostics) 
and Cobas z 4800 PCR‑cycler (Roche Diagnostics). Relevant 
reagents, including sample preparation kit, HPV detection 
kit (PCR fluorescence method), HPV quality control kit, 
liquid‑based cell preparation kit and PCR 96 pore plate, were 
purchased from Roche Diagnostics. Using a single signal, 
the Cobas 4800 HPV test can not only detect HR‑HPV‑16 
and HPV‑18 specifically, but also for 12 HR‑HPV types, 
namely 31, 33, 35, 39, 45, 51, 52, 56, 59, 66 and 68 (31). The 
β‑globulin gene was selected as an internal control, and a 
Cobas 4800 real‑time PCR system was applied for the 
PCR. Data processing was as previously described  (32). 
The experimental conditions followed the guidelines of the 
manufacturer's instructions.

Statistical analysis. Statistical analyses were performed 
using SPSS  22.0 statistical software (IBM Corp.). The 
one‑way ANOVA with Tukey's test was used for continuous 
data. Kruskal‑Wallis with Dunn's post hoc test were used 
for comparing the results of immunohistochemistry in two 
different cervical lesion tissues. The relative expression quan-
tities of SCCA and MTA1 are presented as the mean ± SD. 
Dichotomous variables are presented as ratios, and compari-
sons between groups were performed using the χ2 and Fisher's 
exact tests. P≤0.05 was considered to indicate a statistically 
significant difference.

Results 

Expression of SCCA during the development of cervical 
cancer. Immunohistochemistry was used to test the expression 
levels of SCCA in various cervical lesion tissues. As presented 
in Fig. 1, positive expression of SCCA was characterized by 
brown and yellow granules in cytoplasm. The count and rate 
of positive expression of SCCA in each sample group is listed 
in Table I. The expression levels and staining range of SCCA 
increased gradually with the degree of severity of the cervical 
lesion and the positive rates were 12.50, 45.16, 54.84 and 

89.66% in the CCE, LSIL, HSIL and CSCC groups, respec-
tively. Fisher's exact test demonstrated that the expression 
profile of SCCA was closely related to the development of 
cervical carcinogenesis (P<0.05). In addition, the number of 
SCCA‑positive cells was lower in the CCE samples compared 
to the LSIL samples (P<0.008), as well as being lower between 
the HSIL samples compared to CSCC samples (P<0.008). 
However, the difference in the number of positive SCCA 
cells between LSIL and HSIL samples was not significant 
(P=0.197).

Western blotting was also used to examine the relative 
protein expression levels of SCCA in various cervical lesion 
tissues (Fig. 2A). The relative expression level of SCCA was 
strongest in the CSCC samples (1.26±0.07), followed by 
the HSIL (0.59±0.08), LSIL (0.49±0.04) and CCE samples 
(0.19±0.05) (Fig. 2B). With the degree of cervical lesions, the 
expression levels of SCCA gradually increased, demonstrating 
a significant upward trend (P<0.05). However, there was no 
significant difference in the relative expression levels of SCCA 
between the LSIL and HSIL samples (P=0.13). This was 
consistent with the immunohistochemistry results.

Expression of MTA1 in the development of cervical carcino‑
genesis. The expression levels of MTA1 in the various cervical 
lesion tissues were characterized using immunohistochem-
istry (Fig. 3) and western blotting (Fig. 4). As presented in 
Fig. 3, positive expression of MTA1 was observed as brown 
and yellow granules in the cytoplasm, membrane and nucleus, 
and the expression level and staining range of MTA1 increased 
gradually between the CCE, LSIL, HSIL and CSCC groups. 
The positive rates were 9.38, 19.35, 58.06 and 82.76% in the 
CCE, LSIL, HSIL and CSCC groups, respectively (Table II). 
Fisher's exact test revealed that the expression of MTA1 
was associated to the development stage of cervical cancer 
(P<0.05) and that MTA1 expression presented a similar 
expression profile with that of SCCA. The only difference in 

Figure 1. Immunohistochemical examination of SCCA in (A)  chronic 
cervicitis, (B) low‑grade squamous intraepithelial lesion, (C) high‑grade 
squamous intraepithelial lesion and (D) cervical squamous cell carcinoma 
samples. Red arrows indicate SCCA positive staining represented by 
brown‑yellow granules in the cytoplasm. Magnification, x200. Scale bar, 
50 µm. SCCA, squamous cell carcinoma antigen.
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the expression profile was that there was no significant differ-
ence in the number of positive MTA1 cells between the CCE 
and LSIL groups (P=0.258).

According to the western blotting data, the relative 
expression level of MTA1 was the lowest in the CCE group 
(0.023±0.007), followed by the LSIL (0.030±0.011), HSIL 
(0.508±0.044) and CSCC (0.707±0.076) groups (Fig. 4B). The 
expression levels of MTA1 in the late stage of cervical carcino-
genesis (HSIL and CSCC) were higher compared with those in 
the early stage (CCE and LSIL). No significant difference was 
observed for the relative expression levels of MTA1 between 
the CCE and LSIL groups (P=0.42). Experimental results of 
the western blotting and immunohistochemical results for 
MTA1 were consistent.

Expression of P16 and Ki‑67 in the development of cervical 
cancer. Using immunohistochemistry, positive expression of 
Ki‑67 (Fig. 5) and P16 (Fig. 6) were characterized by the 
distribution of brown‑yellow granules in the nucleus or the 
cytoplasm/nucleus, respectively. Fisher's exact test revealed 
that the staining range and expression levels of P16 and 
Ki‑67 were closely associated with the degree of cervical 
lesion, which increased significantly with the development 
of cervical lesions (P16, P<0.05; Ki‑67, P<0.05). The posi-
tive rates were 15.63, 45.16, 87.10 and 100.00% for P16 
(Table III) and 21.86, 83.87, 93.55 and 100.00% for Ki‑67 
(Table  IV) in the CCE, LSIL, HSIL and CSCC groups, 
respectively.

Expression of the four analyzed proteins and HR‑HPV infec‑
tion. As presented in Table V, positive rates of HR‑HPV in 
the CCE, LSIL, HSIL and CSCC groups were 53.13, 70.97, 

Figure 2. (A) Western blot analysis of SCCA expression levels in CCE, LSIL, 
HSIL and CSCC lysates. (B) The relative expression levels of SCCA (ratio 
of optical densities of SCCA and GAPDH) derived from western blot assays 
on the CCE, LSIL, HSIL and the CSCC groups. *P<0.05 vs. CCE, #P<0.05 
vs. HSIL. CCE, chronic cervicitis; CSCC, cervical squamous cell carci-
noma; HSIL, high‑grade squamous intraepithelial lesion; LSIL, low‑grade 
squamous intraepithelial lesion; SCCA, squamous cell carcinoma antigen.

Table I. Immunohistochemical examination for SCCA protein in cervical tissues from the CCE, LSIL, HSIL and CSCC groups.

	 No. of specimens with IHC score
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Groups	 n	 ‑	 +	 ++	 +++	 Positive rate, %	 P‑value

CCE	 32	 28	 4	 0	 0	 12.50	
LSIL	 31	 17	 9	 4	 1	 45.16	 <0.008a,b

							       0.197b,c

HSIL	 31	 14	 5	 11	 1	 54.84	 <0.008a,c

							       <0.008c,d

CSCC	 29	 3	 2	 8	 16	 89.66	 <0.008a,d

							       <0.008b,d

avs. CCE, bvs. LSIL, cvs. HSIL, dvs. SCC; Kruskal‑Wallis with Dunn's multiple comparisons test. CCE, chronic cervicitis; CSCC, cervical 
squamous cell carcinoma; HSIL, high‑grade squamous intraepithelial lesion; IHC, immunohistochemistry; LSIL, low‑grade squamous 
intraepithelial lesion.

Figure 3. Immunohistochemical examination for MTA1 in (A)  chronic 
cervicitis, (B) low‑grade squamous intraepithelial lesion, (C) high‑grade 
squamous intraepithelial lesion and (D) cervical squamous cell carcinoma 
samples. Red arrows indicate MTA1 positive staining in brown‑yellow gran-
ules in the cytoplasm, membrane and nucleus. Magnification, x200. Scale 
bars represent 50 µm.



ONCOLOGY LETTERS  20:  884-892,  2020888

93.55 and 100.00%, respectively. With the increases in the 
cervical lesion grade, the infection rate of HR‑HPV increased 
significantly (P<0.05). However, the positive rates of HR‑HPV 
positive samples between the CCE and LSIL groups (P=0.145) 
and between the HSIL and CSCC groups (P=0.164) were not 
statistically significant.

Fisher's exact test analysis was used to analyze the signifi-
cant between the expression levels of the four proteins and the 
HR‑HPV infection rate in cervical tissues. As demonstrated 
in Table VI, the expression ratio of SCCA between HR‑HPV 
infection and non‑infection groups was no statistically signifi-
cant (P=0.38), but the expression ratios of MTA1, P16 and 
Ki‑67 between HR‑HPV infection and non‑infection groups 
were statistically significant (MTA1, P<0.05; P16, P<0.05; 
Ki‑67, P<0.05).

Discussion 

Cervical cancer is one of the most common gynecological 
tumor types that affects women (33). The pathology behind 
cervical cancer is caused by a variety of factors, among which 
HPV infection, especially HR‑HPV, is currently recognized 
as a major pathogenic factor (4). When cervical squamous 
epithelial cells are infected with HPV, morphological changes 
occur, followed by the appearance of pre‑cancerous lesions; 
after 5‑10 years, some of these lesions develop into cervical 
cancer (34). The results of the present study demonstrated that 
the expression levels of SCCA, MTA1, P16 and Ki‑67 increased 
with the development of cervical lesions and were associ-
ated with the HR‑HPV infection status. Among the patients 
included in the present study, the infection rate of HR‑HPV in 
CCE was low, but the infection rates of HR‑HPV in cervical 

pre‑cancerous lesions (LSIL and HSIL) and cervical cancer 
(CSCC) were high, which was similar to a previous report (35). 
Therefore, HPV infection is associated with the occurrence of 
cervical cancer.

The expression levels of P16 and Ki‑67 gradually increase 
with the development of cervical intraepithelial lesions and 
cervical cancer  (23,25,26). Consequently, P16/Ki‑67 dual 
staining has been used for cervical cancer screening (28,29). 
In this present study, the positive rates of P6 and Ki‑67 in the 
CCE, LSIL, HSIL and CSCC samples exhibited a significant 
increasing trend: Their expression levels in the LSIL, HSIL 
and CSCC samples were significantly higher compared with 
those in CCE; the expression levels in the CSCC samples 
were significantly higher compared with those in the HSIL 
and LSIL samples; and the expression levels in the HSIL 

Figure 4. (A) Western blot analysis of MTA1 expression in CCE, LSIL, HSIL 
and CSCC. (B) The relative expression of MTA1 (ratio of optical density 
of SCCA to β‑actin) derived from Western blot analysis of the CCE, LSIL, 
HSIL and CSCC groups. ANOVA, P≤0.05; Tukey's tests, *P<0.05 vs. LSIL, 
#P<0.05 vs. HSIL. CCE, chronic cervicitis; CSCC, cervical squamous 
cell carcinoma; HSIL, high‑grade squamous intraepithelial lesion; LSIL, 
low‑grade squamous intraepithelial lesion; MTA1, metastasis‑associated 
gene 1; SCCA, squamous cell carcinoma antigen.

Figure 5. Immunohistochemical examination for P16 in (A) chronic cervi-
citis, (B) low‑grade squamous intraepithelial lesion, (C) high‑grade squamous 
intraepithelial lesion and (D) cervical squamous cell carcinoma. Red arrows 
indicate P16 positive staining (brown‑yellow granules) in the cytoplasm and 
nucleus. Magnification, x200. Scale bars represent 50 µm.

Figure 6. Immunohistochemical examination for Ki‑67 (A) chronic cervicitis, 
(B) low‑grade squamous intraepithelial lesion, (C) high‑grade squamous 
intraepithelial lesion and (D) cervical squamous cell carcinoma. Red arrows 
indicate Ki‑67 positive staining (brown‑yellow granules) in the nucleus. 
Magnification, x200. Scale bar, 50 µm.
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samples were significantly higher compared with those in 
the LSIL samples. The results were consistent with previous 
reports (23,25,26). With the increase of P16 and Ki67 expres-
sion levels, the number of HR‑HPV copies increases (34). The 
results of the present study revealed that the expression of P16 
and Ki‑67 were positively associated with the HR‑HPV infec-
tion status. Therefore, upregulation of P16 and Ki‑67 indicated 
infection with HR‑HPV. This observation may provide a basis 
for the early diagnosis of cervical lesions and was consistent 
with a previous report (34,36).

As a specific antigen produced by squamous cell carci-
nomas, SCCA has been studied extensively in cervical 
cancer  (8‑13). Although it has been confirmed that SCCA 
expression is highly associated with the occurrence 
and development of CVCC  (8,12,13), there are limited 
reports investigating the expression of SCCA in cervical 
pre‑cancerous lesions. In addition, HPV, especially high‑risk 

HPV, is the main cause of cervical lesions (4). However, to 
the best of our knowledge, there are no studies investigating 
the relationship between SCCA and HPV infections. In this 
present study, the expression levels of SCCA in the LSIL, 
HSIL and CSCC samples were significantly higher compared 
with those in the CCE samples. The expression of SCCA in 
the CSCC samples was significantly higher compared with 
that in the HSIL and LSIL samples, and the expression of 
SCCA in the HSIL samples was higher compared with that 
in the LSIL samples; however, there was no significant differ-
ence between the HSIL and LSIL samples. The expression 
levels of SCCA increased with the development of cervical 
cancer, which indicated that SCCA may have a clinical role in 
the diagnosis of cervical intraepithelial neoplasia and cervical 
cancer. Combining SCCA and P16/Ki‑67 dual staining may be 
used to improve the accuracy of disease diagnosis, especially 
for distinguishing HSIL and CSCC; therefore, it may help to 

Table II. Immunohistochemical examination for metastasis‑associated gene 1 protein in cervical tissue from the CCE, LSIL, 
HSIL and CSCC groups.

	 Number of specimens
	 with different IHC scores 
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Groups	 n	 ‑	 +	 ++	 +++	 Positive rate (%)	 P‑value

CCE	 32	 29	 2	 1	 0	 9.38	
LSIL	 31	 25	 4	 1	 1	 19.35	 0.258a,b

							       <0.008b,c

HSIL	 31	 13	 3	 11	 4	 58.06	 <0.008a,c

							       <0.008c,d

CSCC	 29	 5	 2	 6	 16	 82.76	 <0.008a,d

							       <0.008b,d

avs. CCE, bvs. LSIL, cvs. HSIL, dvs. SCC; Kruskal‑Wallis with Dunn's multiple comparisons test. CCE, chronic cervicitis; CSCC, cervical 
squamous cell carcinoma; HSIL, high‑grade squamous intraepithelial lesion; IHC, immunohistochemistry; LSIL, low‑grade squamous 
intraepithelial lesion.

Table III. Immunohistochemical examination for P16 protein in cervical tissues from the CCE, LSIL, HSIL and CSCC groups.

	 Number of specimens
	 with different IHC score
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Groups	 n	 ‑	 +	 ++	 +++	 Positive rate (%)	 P‑value

CCE	 32	 27	 4	 1	 0	 15.63	
LSIL	 31	 17	 9	 3	 2	 45.16	 0.009a,b

							       <0.008b,c

HSIL	 31	 4	 5	 7	 15	 87.10	 <0.008a,c

							       <0.008c,d

CSCC	 29	 0	 1	 4	 24	 100.0	 <0.008a,d

							       <0.008b,d

avs. CCE, bvs. LSIL, cvs. HSIL, dvs. SCC; Kruskal‑Wallis with Dunn's multiple comparisons test. CCE, chronic cervicitis; CSCC, cervical 
squamous cell carcinoma; HSIL, high‑grade squamous intraepithelial lesion; IHC, immunohistochemistry; LSIL, low‑grade squamous 
intraepithelial lesion.
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ensure that appropriate treatment is provided for patients with 
cervical cancer. No association was observed between SCCA 
expression levels and HR‑HPV infection in various cervical 
lesions (P=0.20) in the present study, which may be due to the 
small sample size.

MTA1 is a gene associated with tumor metastasis and 
has been extensively studied in the field of gynecological 
cancer (14,15,17). Abnormal expression of MTA1 is not only 
related to the occurrence and metastasis of ovarian cancer, but 
is also associated with the clinical stage of ovarian cancer (15). 
The expression levels of MTA1 in cervical cancer have been 
demonstrated to be higher compared with those in the normal 
cervical tissue, and upregulation of MTA1 is positively corre-
lated with the clinical stage and lymph node metastasis in 
patients with cervical cancer (17). However, the expression of 
MTA1 in cervical lesions has been not reported. In this present 
study, the expression intensity of MTA1 was associated with 
the degree of the cervical lesions. The expression of MTA1 
in the CSCC samples was significantly higher compared with 
that in the LSIL, HSIL and CCE samples; the expression of 

Table  VI. The expression of the four analyzed proteins and 
infection of HR‑HPV in cervical tissues.

	 Number of specimens
	 with IHC score
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 HR‑HPV	 ‑	 +	 ++	 +++	 P‑value

SCCA	 ‑	 15	 6	 3	 2	 0.38
	 +	 47	 14	 20	 16	
MTA1	 ‑	 19	 4	 2	 1	 <0.05
	 +	 53	 7	 17	 20	
P16	 ‑	 15	 7	 3	 1	 <0.05
	 +	 33	 12	 12	 40	
Ki‑67	 ‑	 14	 7	 3	 2	 <0.05
	 +	 18	 24	 15	 40

Fisher's exact test was performed. HR‑HPV, high‑risk human papillo-
mavirus; IHC, immunohistochemistry; MTA1, metastasis‑associated 
gene 1; SCCA, squamous cell carcinoma antigen.

Table V. Infection rates of HR‑HPV in cervical tissues from the CCE, LSIL, HSIL and CSCC groups.

	 HR‑HPV (+)	 HR‑HPV (‑)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Groups	 n	 n1	 Positive %	 n2	 Negative %	 P‑value

CCE	 32	 17	 53.13	 15	 46.87	
LSIL	 31	 22	 70.97	 9	 29.03	 0.145a,b

						      <0.008b,c

HSIL	 31	 29	 93.55	 2	 6.45	 0.020a,c

						      0.164c,d

CSCC	 29	 29	 100.0	 0	 0.00	 <0.008a,d

						      <0.008b,d

avs. CCE, bvs. LSIL, cvs. HSIL, dvs. SCC; χ2 test. CCE, chronic cervicitis; CSCC, cervical squamous cell carcinoma; HR‑HPV, high‑risk human 
papillomavirus; HSIL, high‑grade squamous intraepithelial lesion; LSIL, low‑grade squamous intraepithelial lesion.

Table IV. Immunohistochemical examination for Ki‑67 protein in cervical tissues from the CCE, LSIL, HSIL and CSCC groups.

	 Number of specimens
	 with different IHC score 
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Groups	 n	 ‑	 +	 ++	 +++	 Positive rate (%)	 P‑value

CCE	 32	 25	 6	 1	 0	 21.86	
LSIL	 31	 5	 19	 6	 1	 83.87	 <0.008a,b

							       <0.008b,c

HSIL	 31	 2	 6	 9	 14	 93.55	 <0.008a,c

							       <0.008c,d

CSCC	 29	 0	 0	 2	 27	 100.0	 <0.008a,d

							       <0.008b,d

avs. CCE, bvs. LSIL, cvs. HSIL, dvs. SCC; Kruskal‑Wallis with Dunn's multiple comparisons test. CCE, chronic cervicitis; CSCC, cervical 
squamous cell carcinoma; HSIL, high‑grade squamous intraepithelial lesion; IHC, immunohistochemistry; LSIL, low‑grade squamous 
intraepithelial lesion.
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MTA1 in the HSIL samples also appeared higher compared 
with that in the CCE samples, but no significant difference 
was observed. In addition, the expression of MTA1 in cervical 
tissue was associated with the HR‑HPV infection status. 
Previous studies have demonstrated that MTA1 can interact 
with P53 (19‑21). It is assumed that the HPV E6 protein may 
interact with P53 after infection with HR‑HPV and that the 
decrease of P53 may provide a feedback stimulation leading 
to raised protein expression levels of MTA1 (20,21). In addi-
tion, the expression of MTA1 in various cervical lesions was 
consistent with that of P16 and Ki‑67. Upregulation of MTA1 
was associated with infection with HR‑HPV; therefore, MTA1 
may be a useful biomarker for the early diagnosis of cervical 
lesions.

The main limitation to this study was that the relation-
ship between the development of cervical lesions and the 
blood concentration of the four proteins was not determined. 
However, SCCA, MTA1, P16 and Ki‑67 may indicate the 
occurrence and development of cervical lesions. The mecha-
nism of action behind their specific roles needs to be further 
studied, which will lay a theoretical foundation for the early 
diagnosis and effective treatment of cervical lesions in the 
clinic.

In conclusion, SCCA, MTA1, P16 and Ki‑67 were upregu-
lated in cervical lesions and their positive rates increased with 
the development of cervical lesions. Furthermore, the expres-
sion levels of MTA1, P16 and Ki‑67 were associated with the 
infection rate of HR‑HPV. SCCA and MTA1 may be used for 
cervical cancer screening in a similar manner to P16/Ki‑67 
double staining. In particular, SCCA may be used to distin-
guish between patients with HSIL and CSCC, and MTA1 can 
be used to distinguish between those with LSIL and HSIL.
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